Background: The NICE guidelines for blood transfusion and the patient blood management recommendations state that a single unit of red cells should be the standard dose for patients with stable anaemia who are not bleeding. Studies have shown that changing clinical transfusion practice can be difficult and that many clinicians' order two units of blood as standard for patients needing a transfusion. Aim: A collaborative project between NHS Blood and Transplant and Kings College Hospital started in September 2014 to evaluate the impact of a single unit policy on blood usage. Design Methods: Training and education was undertaken for clinical staff on eight general medical wards and all staff working in the blood transfusion laboratory. We collected transfusion data for 12 months, (6 months before and after implementation). Results: There was a decrease of 50% red cell unit usage between the two periods, equating to a unit cost saving of £28 670. The number of single unit transfusions, increased from 30 to 53% whilst the number of two units decreased from 65 to 43% (P < 0.001). Discussion/Conclusion: This project has shown that transfusion practice can be changed and savings in blood usage can be achieved through the successful implementation of the single unit transfusions policy. Key to the implementation was engagement from key medical staff within the medical department in which the policy was implemented and support from the hospital transfusion team. Continued attention and training shall be needed to support these, and implement other, patient blood management recommendations.
Introduction
In 2015, the Academy of Medical Royal Colleges launched a Choosing Wisely initiative to reduce the harms of too much medicine. 1 The principle of this campaign is echoed in the Too Much
Medicine initiative by the British Medical Journal. 2 Blood transfusion is described as the commonest procedure performed in hospitalized patients in the USA. 3 Red cell use is often inappropriate; in England The National Comparative Audit 2011 looked at the medical use of blood and found that 50% of transfusion was outside of recommended guidance and therefore potentially avoidable. 4 That every single unit transfused needs keen consideration is illustrated by a retrospective population based analysis of 1.6 million patients showing that perioperative transfusion of just one unit of red cells is associated with increased odds of perioperative ischaemic stroke and/or myocardial infarction. 5 There are a number of strategies to reduce the inappropriate transfusion of red cells. 6 The most widely applied and documented is the use of restrictive transfusion triggers originally trialled in intensive care patients. 7 An increasing evidence base shows that consideration of blood transfusion at a lower threshold of 70-80 g/l does not negatively impact on patient mortality or adverse events. [6] [7] [8] The British Committee for Standards in
Haematology released guidelines recommending that transfusion of red cells should be used to maintain haemoglobin (Hb) level of 70-90 g/l 9 which is supported by the guidelines released by the American Association of Blood Banks which recommends against transfusion for a stable non-bleeding patient with a Hb >70-80 g/l. 10 Another strategy to reduce reliance on red cell transfusion is through the implementation of a single unit transfusion policy for stable non-bleeding patients with symptomatic anaemia. The evidence shows that a single unit transfusion policy can reduce the number of blood transfusions and therefore decrease the risk associated with allogeneic blood transfusions. 6, 10, 11 Berger et al.
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showed there was no difference in mortality between the single unit transfusion group and those whom had received two units although the time between transfusion episodes was reduced by 20% in the patients who had received one compared to two units. A red cell transfusion of two units is no longer considered 'standard' transfusion treatment for non-bleeding patients although changing prescribing practice has in the past proved difficult and a number of surveys and audits of transfusion practice have shown that the majority of clinicians transfuse two units. 4, 12, 13 In 
Materials and methods

Study population and protocol
A single unit transfusion policy for RBC transfusions was introduced for non-bleeding stable patients on eight general medical wards at King's College Hospital in London. Introduction of this restrictive transfusion practice was supported by a training and awareness programme that involved the junior and senior clinical teams and the blood transfusion laboratory. There were 2 h long, training sessions held with the medical teams working in acute medical division and two training sessions with the laboratory staff, in the form of presentation and discussion. There was an awareness campaign with a newsletter distributed through the clinical teams. The Clinical Director of Acute Medicine supported the work. All doctors were informed at ward and/or departmental teaching and were requested to authorize a single unit of blood at a time for stable non-bleeding patients who were symptomatic for anaemia, and only to transfuse a second unit if the symptoms had not been resolved following a patient review. The Blood Transfusion Laboratory Manager supported the change in transfusion policy for this clinical area. All transfusion laboratory staff were encouraged to discuss blood transfusion requests that fell outside of the agreed guidelines with the requesting clinician. Ongoing training was done via project leads verbally as they interacted with doctors and lab staff.
This project compares transfusion practice over a 6-month period post-implementation of a single unit transfusion policy (December 2014-May 2015) to a 6-month period prior to implementation (April 2014-September 2014). All red cell transfusions given to general medical in-patients across eight medical wards at King's College Hospital were evaluated. Patients that were bleeding, being treated for haematological disorders or on renal dialysis were excluded from the dataset, as deemed outside the scope for the study.
A transfusion episode was defined as the number of red cell units given within a 24-h period. A single unit transfusion was defined as a single red cell unit transfused followed by a measurement of a post-transfusion Hb and patient assessment. A two-unit transfusion was defined as two units given within a 24-h period without Hb check between the two. A multi-unit transfusion was defined as three or more units transfused within a 24-h period without a Hb check between.
The study determined that the pre-transfusion Hb measurement must have been taken within the 72 h prior to the start of transfusion. The post-transfusion Hb must have been measured within 24 h of the completion of the transfusion. The minimum time between transfusion and Hb was not formally defined but evidence by Elizalde et al. 15 shows that Hb equilibrates rapidly after transfusion with no significant difference between 15 min and 25 h. It was assumed that all red cell units were transfused within 4 h of leaving the blood fridge, according to the hospital transfusion policy and UK guidelines. 16 If the Hb was not measured per these parameters, it was recorded as 'not tested'. The transfusion triggers were established prior to the project with 70 g/l being the trigger for stable non-bleeding patients and 80 g/l for patients with acute coronary syndrome as described by the guidance provided by the National Blood Transfusion Committee in the UK 17 and NICE 2015.
14 It is a recommendation to not routinely transfused patients above a Hb of 100 g/l 16 so the post-transfusion Hb measurement was also collected during the pre-and post-implementation period. We collected and analysed the readmission rate within 30 days for the patients included in the project and determined if these patients had a transfusion during this readmission period. We also determined the length of stay for patients on the selected wards and the number of hospital admissions (Hospital Episode Statistics data).
Data collection
Data were collected from the laboratory information system from a monthly extract. The Hb measurements were collected from the electronic patient records. The time the red cell unit was collected from blood transfusion was recorded by the blood tracking system. The data was collected from the same source during both time periods so are subject to the same bias.
Statistical analysis
The proportions of those patients receiving one, two and three or more units of blood at one interval were obtained and the differences in the proportions for pre-and post-single unit policy introduction were calculated using a continuity correction. 18 All P values < 0.05 were considered statistically significant. Social Science Statistics online tools http://www.socscistatistics.com/ Default.aspx were used in the analysis.
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Ethics and funding statement
This project represented service evaluation and implementation of national guidelines formal ethics review was not sought. The project was designed by the authors and no funding was received.
Patient involvement
Patients who receive a transfusion are involved in the decision to transfuse and the process of consent considers the individual risks and benefits of transfusion prior to the treatment.
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Patient information leaflets are given at the time of consent as per Trust policy. This process remained unchanged throughout the audit period.
Results
Data 6 months pre-and post-implementation of the single unit policy was analysed from the eight medical wards. There were no other interventions taking place, nor changes to the patient mix assessed and admitted, during this time except the introduction of a single unit policy for red cell transfusions and data collection. The median (range) age of patient's pre-implementation was 75 years (19-101) and post-implementation 74 years . Prior to the implementation of a single unit policy 198 patients received a total of 464 red cell units (2.3 U per patient), after the exclusion of patient groups as outlined above. Post-implementation 125 patients received 234 red cell units (1.9 U per patient). Following the implementation of a single unit policy there was a reduction in blood use of 50%, this equates to a cost saving of £28 670 (based on 2014/15 red cell unit cost of £122) ( Table 1) .
There was a reduction in the proportion of two units transfused per episode from 65 to 43% between the two periods (P < 0.001) and there was an increase in the proportion of single unit transfusions per episode, rising from 30 to 53% (P < 0.001). There was an increase from 24 to 42% in the number of single units transfused followed by a Hb check (P 0.01) and a subsequent decrease in the proportion of two unit's transfusion before a Hb check; 70% pre-implementation to 50% post-implementation (P 0.01) ( Table 1) .
There was a decrease seen in the average pre-and posttransfusion Hb following implementation of the single unit transfusion policy although this was not found to be statistically significant (Table 1) .
For the pre-implementation period, 22 of the 198 patients transfused were readmitted to King's College Hospital as an inpatient within 30 days from discharge. Of these 22 patients, 7 were transfused during this readmission. For the postimplementation period 22 of the 123 transfused were readmitted as an inpatient. Of these patients, only one was transfused during this readmission. We did not follow up all patients to see if they were admitted to another hospital.
Length of stay on the studied wards did not increase during the study period.
Discussion
We undertook this project to highlight the impact of implementing the Patient Blood Management recommendations that were endorsed by NHS England in 2014. 21 A national survey in 2013 showed that only 29% of Trusts had a single unit policy for *P < 0.05 is considered statistically significant. transfusion 22 and the potential impact of these policies is not yet clear. This project demonstrates that implementation of a single unit transfusion policy in medical wards for non-bleeding in-patients can lead to a reduction in blood usage. A period of training, education and support from senior and junior clinical staff resulted in a reduction in red cell usage of 50% on eight selected medical wards with no negative impact on length of stay and 30-day readmission. It can be seen from the results of this project that change in policy can result in changes to blood usage. It has previously been shown that changing medical practice, and transfusion practice, can be difficult. 4, 12, 13 This study showed that increasing awareness and training can help to change practice. It is the authors' opinion that engagement from key clinical staff in the wards and departments where the change is to be implemented made a difference to the outcome. In particular, an engaged junior medic who discussed individual patients, while considering transfusion prospectively or retrospectively, helped embed the principles of Patient Blood Management through the rotating junior doctors. This was a project to implement a single unit transfusion policy; there were other aspects of the PBM recommendations, 22 such as the promotion of oral and intravenous iron as alternatives in iron deficiency anaemia that will likely have played a part in the reduction of red cell use although has not been measured. There are limitations with our project, it was not prospective, nor randomized, the groups were comparable although not matched by diagnosis. The two phases of the project were carried out at different times of the year and there may be seasonal variation in blood usage and admissions. A randomized control trial being carried out by Chantepie et al. 23 will help answer some of these questions and will show if a single unit transfusion policy effects clinical outcomes in patients on a haematological intensive care unit. Implementation of the policy was also in a specific clinical area and work would need to be done to see how this policy effects other areas of practice. These do not detract from the pilot but point to the larger supportive framework that might allow similar results in other hospitals. Our observation is that single unit transfusion policies need a system working independent of any one member of staff, independent of Transfusion Practitioners, with a culture change within the whole hospital with cross departmental, speciality, grade and role communication.
There is evidence 24 to show that in chronic dialysis patients, the Hb measurement was the most important driver of transfusion and this may be the case in other clinical areas. It was noted that in some cases the reason for transfusion documented in the notes during both periods was simply low Hb with no associated symptoms of anaemia, which may suggest that the decision to transfuse is being made on Hb alone. To help support the decision to transfuse based on symptoms the project team discussed developing a tool to record symptoms of anaemia both pre-and post-transfusion. This may help provide evidence of patient symptom improvement following transfusion and evidence patient impact of a single unit transfusion policy. It would also be interesting to look at the impact of the project on patient outcomes, including transfusion reactions and circulatory overload. Following successful implementation in these eight wards there is plans to roll out the policy to other in-patient settings within Kings College Hospital. This will be a phased roll out with engagement from the Hospital Transfusion Committee and lead consultants within the clinical areas. With changing clinical practice, there is the risk that practice may revert to that seen prior to the intervention. A re-audit of practice in these wards would be interesting to evaluate the lasting impact of the policy change.
This project shows that transfusion rates can be lowered through the successful implementation of a single unit transfusion policy, which in turn reduces the potential risk to patients from allogeneic transfusion and cost/time associated with transfusion. By adopting the key red cell recommendations from 2015 NICE Guidelines in blood transfusion, 14 hospitals can expect a cost and patient safety benefit and it is hoped that other NHS Trusts and hospitals can implement this. Further health economics analysis on the implementation of this single unit transfusion policy is being completed.
